Abstract. This paper presents sampling techniques (ST) concept for feature extraction from electroencephalogram (EEG) signals. It describes the application of least square support vector machine (LS-SVM) that executes the classification of EEG signals from two classes, namely normal persons with eye open and epileptic patients during epileptic seizure activity. Decision-making has been carried out in two stages. In the first stage, ST has been used to extract the representative features of EEG time series data and to reduce the dimensionality of that data, and in the second stage, LS-SVM has been applied on the extracted feature vectors to classify EEG signals between normal persons and epileptic patients. In this study, the performance of the LS-SVM is demonstrated in terms of training and testing performance separately and then a comparison is made between them. The experimental results show that the classification accuracy for the training and testing data are 80.31% and 80.05% respectively. This research demonstrates that ST is well suited for feature extraction since selected samples maintain the most important images of the original data and LS-SVM has great potential in classifying the EEG signals.
Introduction
The electroencephalogram (EEG), a highly complex signal, is one of the most common sources of information used to study brain function and neurological disorders [1] . EEG is a test that measures and records the electrical activity of the brain. The study of the brain electrical activity, through the electroencephalographic records, is one of the most important tools for the diagnosis of neurological diseases [1, 2] , such as epilepsy, brain tumor, head injury, dementia including cerebral trauma and thrombosis, development abnormalities, infections diseases, metabolic and endocrine disorders. In recent years, many new techniques have been applied to analyze the EEG signals and extract useful information out of them. In this paper, sampling techniques (ST) is applied to detect features from EEG data.
Siuly, Y. Li, and P. Wen Sampling is one of the main important techniques in Statistics. For a given population, if the sample size is adequately taken then it can tell the characteristics of the population. There are different types of sampling techniques used in Statistics [12] . The application of these techniques depends on the structure of the population. In the field of brain signal classification, various techniques are used for feature extraction but ST has not yet been investigated to extract the features of EEG brain signals. As sampling is a representative part of a population, it is a natural expectation that it could be used to represent the EEG signal of human body. This expectation is achieved in this paper where simple random sampling (SRS) is used in two stages to select a representative EEG signal from the whole data set. Using SRS technique, we compress many data points into a fewer parameters which are called features. These features represent the behaviours of the EEG signals and particularly significant for recognition and diagnosis purposes.
In . Although LS-SVM is significant, it has not yet being used for analyzing and classifying EEG brain signals. This paper proposes a LS-SVM technique in order to separate EEG signals between normal persons and epileptic patients during epileptic seizure where selected feature vectors are used as inputs for training and testing purposes. In this paper, ST is applied to select representative features from EEG signals and the selected features are then processed by LS-SVM method. A significant improvement in accuracy is achieved by using the LS-SVM on extracted features.
The outline of this paper is as follows: in Section 2, the data used in the present study has briefly described. In Section 3, ST is explained to detect features from the EEG signals and LS-SVM is described to classify EEG records. In this Section, different performance evaluation measurements are also defined. In Section 4, experimental results are discussed. Finally, conclusions are drawn concerning the classification methodology in Section 5.
Data Description
The experimental data used in this study are publicly available in [9] . The whole data set consists of five sets (denoted A-E), each containing 100 single-channel EEG signals of 23.6s from five separate classes. The detail descriptions of five data sets from set A to set E are presented in reference [8] . In this study, we select two data sets, namely set A and set E. Set A has been considered from surface EEG recordings of five healthy volunteers with eye open and set E contains EEG records of five presurgical epileptic patients during epileptic seizure activity. In this paper, data set A and set E are used [9] with normal persons and epileptic patients during epileptic seizure, respectively.
